To evaluate the use of herpes simplex viral (HSV) amplicon vectors for production of tumor vaccines and to determine if such vaccines expressing combinations of immunostimulatory agents may be effective in the treatment of experimental liver cancer.
Objective
To evaluate the use of herpes simplex viral (HSV) amplicon vectors for production of tumor vaccines and to determine if such vaccines expressing combinations of immunostimulatory agents may be effective in the treatment of experimental liver cancer.
Methods
A hepatic metastatic tumor model using CT-26 colorectal cancer in syngeneic Balb/C mice was utilized. Tumor vaccines were produced by brief (20 minutes) exposure of irradiated tumor cells to herpes amplicon vectors carrying the transgene for RANTES, B7.1, or GM-CSF. The antitumor efficacy of vaccination using tumor cells secreting GM-CSF (single agent) or a combination of RANTES/B7.1/GM-CSF (multiagent) was tested. The effect of 60% hepatectomy or T-cell depletion was also tested in this model.
Results
In vitro assays confirmed high-level cytokine or costimulatory molecule production by cells transduced with amplicons. An-titumor efficacy was observed with single-agent or multiagent treatment. Without hepatectomy, immunization with singleagent or multiagent vaccine therapy appears equivalent. When administered in the setting of hepatectomy, multiagent regimens produced a higher cure rate than single-agent therapy (50% vs. 12.5%, P ϭ .03). Animals treated with GM-CSF alone had an average nodule count of 40 Ϯ 19 (P Ͻ .006 vs. Hep control 232 Ϯ 30), while animals treated with multiagent therapy had an average nodule count of 11 Ϯ 7 (P Ͻ .0004 vs. control). CD4 ϩ and CD8 ϩ lymphocyte blockade abrogated observed efficacy, confirming a lymphocyte-mediated response.
Conclusions
Tumor vaccines produced using HSV amplicon-mediated gene transfer may be useful in the treatment of liver malignancies. In the setting of hepatectomy, multiagent vaccine therapy offers an advantage over single-agent therapy. These data encourage consideration of such HSV-based neoadjuvant immunotherapy for treatment of liver malignancies.
Hepatic resection is the mainstay of therapy for primary and secondary neoplasms of the liver. [1] [2] [3] However, after complete gross resection of tumor, disease will recur in over two thirds of patients, 3, 4 indicating that undetected residual microscopic tumors remain in the majority of patients undergoing a therapeutic hepatectomy. It has long been the clinical impression, supported by experimental data, that hepatic regeneration may indeed enhance growth of such residual tumors. [5] [6] [7] [8] Recent data implicate local and systemic immune changes as partly responsible for such an enhancement of tumor growth 6, 9 and suggest that immunostimulatory strategies may be useful in the treatment of residual hepatic tumor after hepatectomy.
Immunotherapy involving the transfer of genes coding for immunostimulatory proteins into tumor cells has been extensively investigated and shows promise in the treatment of cancer in many experimental models. 6,10 -12 The premise of such tumor vaccine production is that expression of immunostimulatory molecules at the site of putative tumor antigens would enhance host response to cancer. In this regard chemokines such as RANTES (Regulated on Activation, Normal T-cell Expressed and Secreted), adhesion/costimulatory molecules such as B7.1, and cytokines such as GM-CSF have each demonstrated success in preclinical models. [11] [12] [13] [14] In the current study we investigated the possibility of combining these three classes of immunostimulatory proteins, postulating that using chemokines for recruitment of immunoreactive cells to tumor, along with costimulatory molecules and cytokines for binding and activation of these immune cells, may provide increased efficacy over single-agent therapy.
For gene transfer we used herpes simplex virus (HSV) type 1-based amplicon vectors. These replication-incompetent gene transfer vehicles can target a wide variety of tumor cells, regardless of cell cycle kinetics of the targeted cell, and are rapid and highly efficient in such gene transfer. These characteristics of the amplicon vector allow for a very simple protocol for tumor vaccine production requiring only small amounts of vector and a very short exposure time. Thus, such a protocol can easily be adopted as a clinical strategy. 9, 15 This gene transfer protocol has also been shown to be feasible in the most common of human liver malignancies. 15 Evidence from the following preclinical experiments indicates that such HSV-mediated multiagent immunotherapy is effective against hepatic tumor growth, even in the setting of experimental hepatic resection.
METHODS

Herpes Simplex Virus Vectors
HSV-GMCSF, HSV-B7.1, HSV-RANTES, and HSV-lacZ were created by directionally cloning the murine GM-CSF, human B7-1, human RANTES and LacZ genes into HSVprPUC, which contains the HSV immediate early 4/5 promoter, a multiple cloning site, and an SV40 A sequence. 15, 16 Packaging of amplicon vectors was performed in RR1 cells using helper mutant D30EBA virus, and amplicon titers were determined as described previously. 15 Amplicon titer in the different virus preparations ranged from 5 ϫ 10 7 pfu/mL to 5 ϫ 10 8 pfu/mL. HSVlac titers were between 1 and 2 ϫ 10 8 blue-forming units/mL and titered by X-gal biochemistry on NIH3T3 cells.
Cells
CT-26 is a well-characterized murine colorectal carcinoma cell line that is syngeneic with Balb/C mice. This cell line was obtained from the NCI tumor repository (Fredericksburg, MD) and was grown in RPMI supplemented with 10% fetal calf serum, 100 U/mL penicillin, 100 g/mL streptomycin, and 5 mmol/L nonessential amino acids (Gibco, Grand Island, NY).
Animals
All animal work was performed under guidelines approved by the Memorial Sloan-Kettering Institutional Animal Care and Use Committee. Male Balb/C mice were purchased from Charles River Labs (Wilmington, MA), submitted to a 12:12 hours light:dark cycle, housed five per cage, and allowed free access to food and water. Animals that underwent surgery were anesthetized with an intraperitoneal injection of ketamine/xylazine (70/10 mg/kg). For the animals that underwent hepatectomy, a 70% hepatectomy was performed through a midline incision using the method described by Higgins and Anderson. 17
CT-26 Production of RANTES or GM-CSF
CT-26 cells from culture were irradiated with 9,000 rads and rested for 1 hour. Cells were then exposed to HSV-GMCSF, HSV-RANTES, HSVlac, or medium at a multiplicity of infection of 1 for 20 minutes at 37°C with gentle agitation every 10 minutes. Cells were then washed with medium twice and maintained in culture for 7 days. One cubic centimeter of supernatant was harvested from individual wells at various time points after infection. Analysis for GM-CSF and for RANTES was performed by standardized ELISA (R&D Systems, Minneapolis, MN).
Cell Surface Expression of B7-1
As above, CT-26 cells were irradiated and rested for 1 hour and then exposed to HSV-B7.1, HSVlac, or medium. CT-26 (1 ϫ 10 6 ) cells were then incubated (1 hour) with fluorescein-isothiocyanate (FITC)-labeled anti-CD80 (10 L; rabbit-antihuman) antibodies (R&D Systems) and then rinsed three times in phosphate-buffered saline (PBS). After washing, cells were resuspended in PBS (1 ϫ 10 6 cells/cc 3 ) and then analyzed by FACS (Becton Dickinson, Franklin Lakes, NJ) for expression of CD-80. Human macrophages and lymphocytes were used for positive controls.
Immunization and Tumor Challenge
CT-26 cells were irradiated and infected with HSV (20 minutes) and then administered in 300 L of serum-free medium via intrasplenic injection. Animals were immunized with either 10 6 total cells (high dose) or 10 5 total cells (low dose). In the high-dose groups, to maintain a standard number of cells and viral load, single-therapy groups were inoculated with 3.3 ϫ 10 5 cells infected with HSV-GMCSF plus 6.7 ϫ 10 5 HSVlac-infected cells, for a total inoculum of 1 ϫ 10 6 infected cells. The combination group received 3.3 ϫ 10 5 cells of each of HSV-GMCSF-, HSV-RANTES-, or HSV-B7.1-transduced cells. In the low-dose groups, sin-gle-agent immunizations consisted of 3.3 ϫ 10 4 cells infected with the agent of interest and 6.7 ϫ 10 4 cells infected with HSVlac. Animals receiving multiagent immunizations received 3.3 ϫ 10 4 cells expressing each agent. Control animals were treated with HSVlac-treated cells. Treatment groups had six to eight animals per group, and the experiments were then repeated. Three weeks after immunization, animals were challenged with tumor via a second intrasplenic injection. Using a tumor model based on that described by LaFreniere and Rosenberg, 18 5 ϫ 10 4 nonirradiated CT-26 cells from culture were injected in a total volume of 300 L serum-free medium. Two weeks later, animals were killed and hepatic surface nodules were counted.
Effect of Hepatectomy on Vaccination
Data from our laboratory and others demonstrate that hepatectomy enhances the growth of microscopic tumors in the residual liver. [7] [8] [9] 19 To determine if antitumor vaccine therapy may be useful in this clinical scenario, vaccination as above was investigated in hepatectomized animals. Animals underwent a similar immunization protocol as that described for prior experiments. At the completion of the 3-week incubation period, animals underwent 60% hepatectomy followed by tumor challenge. 9
CD4 ؉ /CD8 ؉ Lymphocyte Blockade
To verify a role for the host immune cells in the effects of immunizations, animals treated as elaborated above were compared to animals depleted of CD4 ϩ and CD8 ϩ lymphocytes. Briefly, animals were treated with GK1.5 (anti-CD4) and 53 to 6.72 (anti-CD8) antibodies (0.2 mg intraperitoneal daily for 3 days) to deplete CD4 ϩ and CD8 ϩ T lympho-cytes. 20, 21 The efficacy of antibody treatment was verified by FACS analysis performed on splenocytes harvested 7 days after the first intraperitoneal injection of the antibodies. The blockade was maintained by an intraperitoneal injection of 0.2 mg of each antibody once per week thereafter for 2 weeks until animal sacrifice and liver harvest.
Data Analyses
Results are expressed as average nodule counts Ϯ SEM. Comparison of tumor growth was by unpaired t test. Comparison of rates of cure was by the Fisher exact test. P Ͻ .05 was considered statistically significant.
RESULTS
In Vitro Production of RANTES and GM-CSF
Expression of RANTES or GM-CSF peaked on day 2 after infection and persisted for 7 days. CT-26 cells infected with HSV-RANTES produced high levels of this chemokine, peaking on day 2 at a mean of 20,000 Ϯ 9,200 pg/mL/10 6 cells, while in cells infected with HSV-GMCSF or HSVlac no expression of RANTES could be detected (limit of detection ϭ 7 pg/mL) ( Fig. 1A) . Similarly, only cells infected with HSV-GMCSF produced GM-CSF. Peak production occurred on day 2 after infection (6,800 Ϯ 2,100 pg/mL/10 6 cells). Cells infected with HSV-RANTES or HSVlac did not produce GM-CSF.
Expression of B7-1
Uninfected cells had no detectable surface expression of B7-1 by flow cytometry, nor was B7-1 detected on the the bottom graph represents cells exposed 2 days before HSV-B7.1 (multiplicity of infection ϭ 1). Fifty-nine percent of cells exposed to the amplicon were FITC positive, while only cells not exposed were FITC negative.
surface of cells infected with HSVlac. In contrast, 59 Ϯ 2% of the cell population infected with the amplicon containing the gene for B7-1 demonstrated peak surface expression by day 2 after infection (see Fig. 1B ).
Treatment with HSV-Modified Tumor Vaccination Without Hepatectomy
Three weeks after vaccination with an inoculum of 1 ϫ 10 5 (low dose) or 1 ϫ 10 6 (high dose) irradiated CT-26 cells, animals were challenged with 5 ϫ 10 4 nonirradiated CT-26 cells intrasplenically. After 2 weeks of incubation the animals were killed and liver nodules were counted. Control animals, treated with medium alone, were found to have 103 Ϯ 32 (mean Ϯ SEM) nodules. Treatment with cells infected with HSV-GMCSF alone or infected with the combination of HSV-RANTES, HSV-B7.1, and HSV-GMCSF produced significant suppression of tumor growth. Animals treated with high-dose single-agent therapy (GM-CSF alone) had a mean nodule count of 0.7 Ϯ 0.4 (P Ͻ .01 vs. controls), while animals treated with multiagent therapy demonstrated a nodule count of 0.1 Ϯ 0.1 (P Ͻ .01 vs. controls). Animals treated with low-dose HSV-GMCSFtreated cells had 12 Ϯ 6 nodules, while low-dose multiagent therapy resulted in 24 Ϯ 9 nodules. Both combination and single-dose therapy were statistically different from the control group (P Ͻ .02) but not from each other. Singleagent low-dose or high-dose therapy produced cure rates of 0% and 67% respectively, while multiagent low-dose and high-dose therapy showed cure rates of 25% and 88%. In this model of liver metastases without additional hepatectomy, single-agent and multiagent vaccine therapy were equally effective in preventing growth of tumors.
Effects of CD4 ؉ /CD8 ؉ T-cell Depletion on Antitumor Actions of Vaccine Therapy
To verify that the response obtained in these experiments was a result of T-cell activity, the experiments were repeated in animals depleted of CD4 ϩ and CD8 ϩ cells. After vaccination, animals were depleted of CD4 ϩ and CD8 ϩ cells via a standard protocol and then challenged with tumor. Animals were killed 2 weeks later and liver nodules counted. Control animals had a tumor count of 160 Ϯ 50 nodules; CD4/CD8-depleted controls had a tumor count of 199 Ϯ 50. Undepleted low-dose and high-dose treatment with the multiagent vaccine therapy resulted in tumor counts of 24 Ϯ 9 and 0.1 Ϯ 0.5 respectively (P Ͻ .01 vs. control; P Ͻ .05 high vs. low dose). Animals depleted of their CD4 ϩ and CD8 ϩ cells had a mean nodule count of 234.4 (Ϯ 28.7) despite being vaccinated against the tumor (P Ͻ .002 vs. unblocked animals) (Fig. 2) . There appeared to be a dose-related response to the multiagent vaccine therapy that is T cell-mediated.
Hepatectomy after Low-Dose Vaccination
Finally, the vaccination protocols were tested in a model of hepatectomy with residual microscopic tumors within the remnant liver. Animals were vaccinated by the previously described low-dose protocol and subsequently underwent hepatectomy immediately before tumor challenge in a model previously used in our laboratory. 6, 9 The results demonstrated that hepatectomy enhanced tumor growth: nodule counts in nonhepatectomized control animals were 106 Ϯ 30, while in hepatectomized control animals the mean nodule count after 2 weeks was 232 Ϯ 30. Treatment was efficacious in this model despite the effects of hepatectomy. Animals treated with GM-CSF alone had an average nodule count of 40 Ϯ 19 (P ϭ .006 vs. control), while animals treated with multiagent therapy had an average nodule count of 11 Ϯ 7 (P ϭ .0004 vs. control) ( Fig. 3 ). In this experiment, multiagent therapy again showed an enhanced cure rate when compared to single-agent therapy (50% vs. 12.5%, P ϭ .03). There was no nonsurgical mortality in this study, an indication of the safety of this therapeutic approach.
DISCUSSION
Hepatic tumors are most effectively treated by surgical resection. 22 Unfortunately, nearly two thirds of patients fail this treatment modality due to residual microscopic disease undetected at the time of resection. 3, 10, 22 It is also clear by previous and the current study that liver regeneration potentiates the growth of local tumors. 5 Investigations aimed at identifying the mechanisms underlying this enhancement of tumor growth have implicated immunosuppression as a major contributor. Kupffer cell 6 as well as T-cell 9 dysfunction have both been found after liver resection. Studies have targeted each cell population in attempts to improve tumor surveillance in preclinical models. Administration of Kupffer cell stimulatory agents such as gamma-interferon or muramyl-tripeptide have been partly successful at eradicating tumors, 6 as has the use of single-agent tumor vaccines expressing cytokines such as GM-CSF 9 or IL-12. 10, 23, 24 Other investigators have also sought to treat other tumor types by genetically engineering tumor cells to secrete various cytokines. 13, 16, 23, 25 The current study attempts to extend these previous observations by examining the difference in efficacy of multiagent therapy compared to single-agent therapy in the treatment of a model of metastatic colorectal carcinoma to the liver, focusing on their use as adjuvants to hepatic resection. Without hepatectomy, both single-agent and multiagent vaccine therapies were highly effective in retarding hepatic tumor growth, and no statistical difference was discernible. When tumor growth was exaggerated by hepatectomy, the multiagent therapy was more effective at securing curative results.
In this investigation, an HSV amplicon-based gene delivery system was used to manufacture the tumor vaccines. This was chosen because it is a highly efficient gene transfer vehicle that produces high-level production of transgenes in a wide variety of cell types. 16, 26, 27 Using these vectors, Tung et al 15 demonstrated that tumor vaccine secreting high levels of the cytokine IL-2 can be produced freshly harvested human liver tumors in a matter of minutes. HSV amplicon-mediated gene transfer and expression is also independent of cell replication. Thus, HSV-mediated gene transfer is compatible with the irradiation that is necessary in ex vivo tumor vaccine production to render the tumors cells incapable of replication. 15 Furthermore, the transgene remains largely episomal, resulting in only transient expression. This characteristic is the major reason that these vectors have not found widespread use in gene replacement therapy for diseases involving congenital or acquired genetic defects. This transient gene expression, however, is another desirable characteristic of these replication-incompetent vectors in tumor vaccine production, in that a potentially toxic gene product will express only in a self-limited fashion. The successful results from the current study confirm these desired characteristics of HSV-mediated tumor vaccine production. Rapid gene transfer was accomplished in irradiated tumor cells that led to high-level production of secretory as well as cell surface molecules. The resultant transient expression of these immunostimulatory molecules resulted in effective suppression of hepatic tumor growth. Additionally, no mortality was noted as a result of either single-agent or multiagent vaccinations, confirming other studies that amplicons offer a safe approach to cytokine delivery even in the setting of hepatectomy. 9, 10 A number of prior studies had focused on using genetically engineered cytokine-secreting tumor cells in the treatment of tumor types outside the liver. 6, 9, 9, 10, 12, 13, 28 Others have shown that a wide variety of agents are capable of producing an experimental antitumor response, including interferon-gamma, 9 ICAM-1, 29 IL-12, 10,23 B7-1, 14 and IL-2. 28, 29 More recently, studies have addressed the benefit of combining agents and evaluating their benefit compared to that of single-agent immunotherapy. 9, 11 In the current studies, we chose GM-CSF as the single agent of comparison because in an analysis of 10 different cytokines, Dranoff et al 13 demonstrated that GM-CSF was most efficient at producing potent, tumor-specific immunity. For the purpose of this investigation, the three agents in the multiagent therapeutic strategy were selected because they potentially stimulate the immune system by different mechanisms. RANTES is a secreted protein that attracts a wide variety of immunoactive cells to the area in which it is being produced. B7.1 is a surface costimulatory molecule that allows cells expressing it to present antigen directly to T cells. GM-CSF is thought to play a role in the maturation of antigenpresenting cells. It was hoped that the broadest response to a multiagent approach would be generated by combining agents that act via different mechanisms.
This study offers further support that immunosuppression occurring after hepatectomy may be partly responsible for the enhanced tumor growth in this setting. 9, 10 The data are also a demonstration that HSV-mediated tumor vaccine therapy may result in sufficient immunostimulatory activity to overcome these detrimental effects after hepatectomy. Furthermore, the CD4/CD8 depletion studies demonstrate that the mechanism by which such vaccine therapy produces the antitumor response is via an immunologic, T cell-mediated pathway. 10 In this experimental system, multiagent use of HSV amplicons is a safe and effective method of abrogating tumor development after hepatectomy. Residual microscopic tumors are present in the majority of patients undergoing liver resection for malignancies. Current adjuvant therapy in this setting has had only limited success. These encouraging preclinical data, combined with the ease with which amplicon-mediated tumor vaccine production can be accomplished, are highly encouraging of clinical studies of this strategy in humans.
DR. ADRIAN BARBUL (Baltimore, MD): This study addresses two longstudied yet elusive biological phenomena. The first is the harnessing of the host immune response in the fight against cancer; and the second is the delivery of gene product to cells and tissues in order to achieve a desired and specific biological effect. Dr. Fong and his group show clearly that hepatic tumor regrowth, a process that all too often undoes superb surgical resectional therapy, can be manipulated by T-cell lymphocytes. They also demonstrate that the delivery of T-cell cytokines can enhance host antitumor responses.
I have several questions. One, what is the relationship of this immuneenhancing therapy to tumor burden in this particular model? Does the immunotherapy lose efficacy the higher the tumor burden? Secondly, once the tumor is established, can you induce immunotherapy and still be effective? And lastly, as you mentioned in your summary, what are the hurdles that you see in translating this research into the clinical arena? PRESENTER DR. YUMAN FONG (New York, NY): In terms of the tumor burden and immunotherapy, I have not been very optimistic about using immunotherapy for big, bulky disease. I think that surgery to try to reduce tumor burden should be considered as part of any immuno strategy. That is why in this model we tried to look at minimal microscopic tumor. That is how it is in most of our models as we move forward to try to get this therapy as clinical reality in liver cancer patients.
For established tumors, the difficulty for most of the tumor models available is that liver tumors grow quite fast and do not completely resemble human disease. That is why this study is done more as a proof of principle rather than as a test of a specific strategy for use in man.
To examine viral effects on established tumors, we have looked at models that were easier to execute. We have examined established tumors such as in the flank, where tumors are much more obvious. And by implanting flank tumors and injecting these flank tumors with the various amplicon vectors, we are able to reduce tumor both at the site of injection and at remote sites from injection. So we believe, at least in the preclinical models, we can impact upon established tumors by such strategy. Whether that will happen in man is unclear. But in terms of moving forward to clinical reality, where do we envision that all of this may head? Right now, the main target we are trying to get to is to use this kind of strategy as a neoadjuvant therapy before resection, to try to put in immunostimulatory genes while the immune system is relatively intact, not hampered by any of the surgical issues such as recovery from surgery. For example, to inject tumors directly with the amplicon vectors 3 or 4 weeks before a liver resection may generate an immune response that hopefully will carry over after liver resection to produce an immunoadjuvant result.
In terms of the hurdles to get there, obviously gene therapy is greatly regulated at the current time. Just getting a class of vectors to human testing is difficult. Right now in the world there are only three herpes trials that are currently in progress. We have one of them. We are the first group to put the herpes virus into the bloodstream for treatment of any human disease. Nobody has taken amplicons yet to that level. That is where we are hoping to go. We are hoping to be able to raise the required funding to generate clinical-level vector and to bring it to human testing.
DR The first relates to the immunogenicity of your colon cancer. I read the manuscript, Dr. Fong, and I couldn't understand. In your control experiments, are you injecting just media or do you inject lacZ-infected cells, which would be the appropriate control, because you might have an immunogenic effect just from the cells alone, with irradiated cells given then a rechallenge? If that is a correct interpretation, it seemed that the number of tumors you had in the control group was 100. When you immunosuppressed either by T-cell depletion or by hepatectomy, you increased this to 200 to 250. Although you showed an experiment, you said it wasn't significantly different. So the question is: Is this another example of a unique way to cure cancer in mice in the immunogenic cell line? Or does at apply to other cell lines in mice? That is the first question.
A related question involves the immunogenicity of colon cancer in humans, which, as we recognize, is either not immunogenic or very weakly immunogenic. Have you conducted in vitro studies? You mentioned plans to inject amplicons into liver. But clearly you have a large volume of tumor being resected from patients at Memorial. You have a very nice in vitro technique, a very nice technique to deliver genes, and there will be a great opportunity to do in vitro studies with in vitro end points, either interferon production or cytotoxicity. Have you done these studies to demonstrate that your vectors can produce an immune effect in human choloricocancers for initiating clinical trials?
The third question I believe you may have answered. You have a fairly complex model where you are doing a intrasplenic delivery to the liver. The question was: Does this create a specific vaccination in the liver only? Or could you challenge with pulmonary mass? I believe you answered or at least discussed in the last set of answers that it does apply.
The other question would be: Can you immunize sub-QIP and get the same production against the liver model?
And the final question relates to the mechanism of enhanced tumor growth when you do hepatectomies. Clearly, your vaccine works through T cell-mediated effects, the T cell depletes and you have enormous numbers of tumors, yet it can overcome the immunosuppressive effects in hepatectomy. Is that because the hepatectomy effects are not T cell-related? Or is it a difference in magnitude of the immunosuppression compared to antibody deletion?
DR. YUMAN FONG (New York, NY): In terms of the immunogenicity, the T-26 cells are widely used and are known to be mildly immunogenic. That is why the best controls are cells that are exposed to HSV-lacZ, a herpes amplicon carrying a marker gene.
In terms of mechanisms of enhanced tumor growth within the liver after hepatectomy, we know it is more than just T cells. We and others have performed studies demonstrating that local Kupffer cell-mediated tumor surveillance is tremendously deranged after liver resection. We also demonstrated that this derangement can be reversed by Kupffer cell enhancement processes. So we don't think that it is just T cells, but we think T cells are one of the targets.
In terms of the immunization strategy, why did we go with the splenic injection, and can other routes still produce the same effects? The reason we went with the intrasplenic injection is because we had published experiments in the past where we compared single injection in the spleen versus multiple versus intraperitoneal or subcutaneous injections of vaccines. We discovered that you could get the same effect as immunizing an animal three or four times SQ or intraperitoneal with a single injection into the portal system. For whatever reason, the immune system is stimulated much quicker and much more efficiently. That is why we chose to use this model. However, we can also vaccinate by SQ or intraperitoneal injection.
In terms of the immunogenicity of tumorous colon cells in man, I totally agree with you. Those studies should be performed before we move forward to human clinical testing. They are in the plans, but not yet performed. 
